The aim of this study was to compare a silvopastoral system with a control (pasture only) in the Brazilian Cerrado. The silvopastoral system consisted of a tropical grass (Brachiaria brizantha cv. Marandu) pasture and trees (Zeyheria tuberculosa), while the control was a Marandu pasture without trees. Sheep intake, feeding behavior and microclimatic conditions were the variables evaluated. Temperatures within the silvopastoral system were lower than in the control (maximum temperature of 28 and 33.5 °C, temperature and humidity index of 74.0 and 79.2 for the silvopastoral system and control, respectively). There was increased dry matter intake (88.2 .05) in grazing sheep in the silvopastoral system relative to the control. The results suggest that a silvopastoral system would provide a more favorable environment than a straight pasture for sheep performance in a tropical grazing situation.
Introduction
Silvopastoral systems (SPS), a combination of trees, forages and animals, are increasingly being adopted throughout the tropics as a sustainable alternative to straight pasture for animal production, consequently reducing the impacts of deforestation (Bocquier and Gonzalez-Garcia 2010; Maurício 2012 ) and increasing biodiversity (Dumont et al. 2013) . In these systems, the dynamics of ecophysiological processes are different from those in traditional monoculture forage systems (Wilson et al. 1990 ). According to Maurício (2012) , SPS require more complex management owing to the larger number of interactions between the different plant forms.
Trees in SPS take up nutrients from deeper layers in the soil and make them available to forage through the decomposition of leaves, twigs, flowers and fruits, which fall to the ground, thus improving soil fertility and, consequently, the quality and yield of the pasture (Reis et al. 2009 ). This can directly influence animal performance, since both quality and availability of nutrients are correlated with forage intake. Another positive aspect should be the reduction of environmental stress on animals due to the interaction between tree shade and animal behavior. The reduction of sunlight and ambient temperature provided by the tree shade should have an important microclimatic benefit for animals, resulting in increased forage intake and production (Paciullo et al. 2011 ) and reduction in the expenditure of metabolic energy to maintain homeostatic equilibrium (Forbes 1995) .
The objective of this study was to compare the intake and feeding behavior of sheep and microclimatic conditions in a tropical grass [Brachiaria brizantha (now Urochloa brizantha (Hochst. ex A. Rich.) R.D. Webster) cv. Marandu] pasture, with and without the native tree species, bolsa-de-pastor [Zeyheria tuberculosa (Vell.) Bureau] during the rainy season in the Brazilian Cerrado ecosystem.
Materials and Methods

Location and treatments
The experiment was conducted in a silvopastoral system area on a private farm, in Lagoa Santa municipality, Minas Gerais, Brazil (19°35′36″ S, 43°51′56″ W; 747 masl). There were 2 system treatments: silvopastoral system (SPS; = grass plus trees) and monoculture (Mono; = grass only). According to the Brazilian soil classification, for both systems the soil is a red-yellow oxisol ('latossolo vermelho-amarelo'; Typic Acrustox − USDA classification) with 651 g/kg clay, 211 g/kg silt and 138 g/kg sand. The P level, in the 0-20 cm layer of both systems, was 1 mg/dm 3 , while the pH level was 5.1 in the SPS and 4.9 in Mono (Reis et al. 2009 ). The silvopastoral system area on that farm ( Figure 1 ) had been under development since 1984 by: managing the natural regeneration of the tree, Zeyheria tuberculosa (ZT); replacement of the grass Hyparrhenia rufa by Marandu; application, guided by soil analyses, of only modest rates of limestone and rock phosphate (1 and 0.5 tonne/ha, respectively); and no use of (soil organic matter deteriorating) fire as traditional pasture management tool. The tree species was selected for inclusion in the SPS owing to the quality of its wood, its fast growth, straight trunks, intermediate canopy density and resistance to cattle grazing. It is a very useful species for restoring degraded areas through natural regeneration, as its seeds are easily spread by wind. During the natural regeneration process prior to the commencement of the trial (June 2001), undesirable species were removed and at least 4 m were kept between ZT trees. At commencement, the trees were 15-23 m tall with a crown stem diameter of 40-60 cm. The density adopted was 160 trees/ha.
For the control treatment (Mono), an adjacent area, from which all trees were removed, was planted with Marandu using the same methodology. The total area, including the SPS and the pasture, consisted of approximately 2 ha.
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The experiment consisted of: (1) assessment of forage grass production during 12 months and, in the rainy season when there was adequately high forage production, (2) a sheep intake and feeding behavior trial ("in vivo trial") during 12 days, coupled with (3) the assessment of relevant microclimatic variables.
Forage production
Within each treatment, 3 individual plots, with an area of 4 x 4 m (16 m 2 ) each, were randomly allocated and fenced with barbed wire to avoid interference from the sheep that were grazing in the surrounding area. At the beginning of the rainy season (November 25 in Year I), the Marandu stands on all plots were cut at 30 cm from ground level to make them uniform and a 30-d rest period was allowed for the stands to reach 60-80 cm in height as suggested for correct morphophysiological management (Costa et al. 2004) . A single forage sample in each plot was harvested at 30 cm using the square method (1 m 2 ), thus simulating the correct management of Marandu (Johnson 1978) . After cutting, forage samples were weighed, separated into green leaf and stem, dried in a forced-air oven at 55 °C, ground in a mill using a 1-mm mesh screen, and kept in plastic containers for further analyses. This procedure was performed during 7 growth periods over 12 months as described in Table 1 .
Microclimatic variables
To obtain information about thermal comfort provided by the trees, the following microclimatic parameters were measured during the intake and feeding behavior trial (12 days): global radiation (GR), maximum and minimum air temperatures were measured daily with an alcohol thermometer taken at least 3.5 m from the tree stems and at 1.2 m above ground level, along with daily average rainfall. Temperature measurements from a dry/wet bulb thermometer and a black globe thermometer (Vernon's globe thermometer) were performed 6 times a day (07.00, 09.00, 11.00, 13.00, 15.00 and 19.00 h) during the entire period of the in vivo trial in order to establish: A) The temperature and humidity index (THI) according to Kelly and Bond (1971) : -58) where: THI = temperature and humidity index; DBT = dry bulb temperature (°C); and RH = relative humidity (%).
B) The black globe temperature and humidity index (BGTHI) according to Buffington et al. (1981) : 
Intake
For the intake trial, 18 mongrel hair sheep (aged 2-4 years) were randomly assigned to 2 groups of 9 animals (4 males and 5 non-pregnant females) with mean weights of 27.6 ± 5.3 and 28.3 ± 4.9 kg and mean body scores of 2.00 and 2.03 (scale: 0 = extremely thin to 5 = extremely obese) for the SPS and Mono at commencement, respectively. On 25 November, the animals were de-wormed and after 15 days were allocated to the pasture treatments for an adaptation period of 45 days. A continuous stocking system was used at 9 animals/ha, with average initial pasture height of 50 cm during the late period of adaptation. A supply of green leaf dry matter of approximately 3-4 % of mean live weight was maintained. At the beginning of the in vivo trial, the stocking rate in both pastures was adjusted according to green leaf yield which could support the equivalent of up to 1.5 animal units (1 AU = 450 kg) per ha. For both treatments (SPS and Mono), the animals had access to potable water and a trough with a commercial mineral salt mixture, specific for sheep. Disappearances of water and salt on each treatment were recorded every second day. Estimates of evapotranspiration were made through "class A" tanks in both treatments, to adjust water intakes. Total water intake was calculated as free water intake (water disappearance less evapotranspiration) plus water intake from feed (moisture content of forage consumed).
Forage samples were collected daily by means of the simulated grazing technique described by Johnson (1978) . After cutting, forage samples were weighed, predried in a forced-air oven at 55 °C, ground in a Willey mill equipped with a 1-mm mesh screen, and kept in plastic containers for later laboratory analyses. Dry matter (DM), ash, nitrogen, ether extract, lignin and acid detergent fiber (ADF) were analyzed according to AOAC (2009) . Neutral detergent fiber (NDF) was assayed using the procedure described by Van Soest et al. (1991) without the use of α-amylase. NDF and ADF were expressed inclusive of residual ash. Acid detergent insoluble crude protein was assayed according to Licitra et al. (1996) .
During the intake trial the animals weighed 35.2 ± 5.2 and 33.4 ± 6.3 kg and had mean body scores of 2.90 and 2.71 for the SPS and Mono, respectively. Intake was estimated 8 days after the adaptation period, using the external indicator LIPE ® , for estimating digestibility and fecal production in ruminants (Ferreira et al. 2009 ), supplied as capsules introduced directly into the oesophagus of the animal for 5 consecutive days in a daily dose (0.25 g/animal/d) at 08.00 h. On the second day of administration of the external indicator LIPE ® , simulated grazing (SG) according to Johnson (1978) was done at 08.00 and 17.00 h for each animal group (treatment) and the pooled forage used in the estimation of in vitro dry matter digestibility (IVDMD) and in vitro organic matter digestibility (IVOMD). On the third day, feces collecting (FC) began, directly from the animal's rectum, at the same time for 5 consecutive days. These samples were frozen at -20 °C and, at the end of all collections, a pooled sample was prepared for each animal for subsequent laboratory analyses. The schemes for delivery of the indicator, simulated grazing and collection of feces are described in Figure 2 .
In the laboratory, samples were thawed at room temperature, dried at 55 °C for 72 h in a forced-air oven, ground to 1 mm (Willey type mill) and analyzed for DM, OM and ash following AOAC (2009) and for Klason lignin (Theander and Westerlund 1986) . For the determination of LIPE ® concentration, each sample was mixed with potassium bromide, pressed, pelleted and read by infrared spectroscopy (Boeriu et al. 2004) .
Fecal production (FP) was calculated using the formulae described by Prigge et al. (1981) : where: DMI = total dry matter intake (kg DM/animal/d); OMI = total organic matter intake (kg OM/animal/d); IVDMD = in vitro dry matter digestibility (g DM/kg DM); IVOMD = in vitro organic matter digestibility (g OM/kg OM); and MSI = mineral salt intake (kg/animal/d). 
Feeding behavior
The feeding behavior trial began 5 days before the intake trial and 47 days after the beginning of the adaptation period, and continued for 3 consecutive days, using the same animals and grazing systems as for the intake trial. The behavior of each animal was observed and recorded every 10 minutes during 2 periods of 24 h with a day of rest between periods of observations, within the following ethological categories: grazing; ruminating (either standing or lying); resting; walking; drinking; and other. During these observations, the same microclimatic parameters used for the intake trial were also measured. Since management consisted of releasing the animals in the pasture at 06.00 h and sheltering them for the night at 19.00 h, night-time observations were made with the animals inside each paddock.
Statistical analyses
The statistical design used for all parameters related to the intake and behavior trials was completely randomized with 9 replicates (animals), and comparisons made by means of the F test at 5% probability. Regression analysis was done involving the microclimatic parameters DBT, RH, THI and BGTHI, whereas the equations were compared, across treatments, by the test for equality parameters and parallelism in non-linear regression models (Cohen 1983) .
Results
Forage production
Total dry matter (TDM) production of Marandu during the rainy season (P1-P4) was similar (P>0.05) for both systems (Table 2 ). However, during the transition from rainy to dry (P5) and from dry to rainy (P7) and also during the dry season (P6), the SPS produced more forage (34%) than Mono (P<0.05). TDM production was affected (P<0.05) by harvest period (P1-P7) for both SPS and Mono treatments, with highest yields during the initial period at the start of the rainy season and lowest during the dry season (P<0.05). Green leaf production in both systems followed that of TDM during the harvest periods. 
Microclimatic variables
The daily average maximum temperature in Mono exceeded that in SPS (33.5 vs. 28.0 °C; Table 3 ), while mean minimum temperatures did not differ (21.0 vs. 20.5 °C). In the SPS, mean dry bulb temperature (DBT) under the tree canopy was lower than in the monoculture at all daily recordings except 19.00 h. The reverse was the case for relative humidity ( Table 3 ), so that THI was greater in the monoculture only during the early part of the day, while BGTHI was greater in the monoculture for most of the day. Global radiation (Table 3) was higher in Mono than in SPS. Regarding dry bulb temperature (DBT) ( Table 4 , Figure 3) , data show that for monoculture, the day period with temperatures above the upper limit of the thermal comfort zone (TCZ) for sheep, which is 20-28 °C (Baêta and Souza 1997), was 4 h 55 min. The temperatures in SPS also exceeded TCZ, but were lower than those recorded for the monoculture. 1 THI = temperature and humidity index; BGTHI = black globe temperature and humidity index; GR = global radiation. Table 4 . Equations generated by regression analysis, relating microclimatic variable data in silvopastoral (SPS) and monoculture (Mono) systems.
1 DBT = dry bulb temperature (ºC); RH = relative humidity (%); THI = temperature and humidity index; BGTHI = black globe temperature and humidity index; y = microclimatic variable; x = time of measurement (07.00, 09.00, 11.00, 13.00, 17.00 and 19.00 h).
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Equations relating to the same microclimatic variable followed by different upper-case letters are not parallel by the curve parallelism test (Cohen 1983 ) at 5% probability; equations relating to the same microclimatic variable followed by different lower-case letters differ by the curve identity test (Cohen 1983 ) at 5% probability. Relative humidity throughout the day, with the exception of 07.00 and 09.00 h for the SPS and 7.00 h for Mono (Table 4 ; Figure 4) , was within the range of thermal comfort for the animals, which should be between 50 and 80% (Baêta and Souza 1997). Table 4 shows that there were significant differences (P<0.05) for RH between treatments and those were more pronounced in the period between 10.00 and 16.00 h (Figure 4) .
Results indicate that in both systems, THI was almost always within the "scale of extremely severe heat stress" (LPHSI 1990 ). This occurs because the trial was done in December, when this index reaches its highest values of the year. However, even under these conditions, SPS showed lower values (P<0.05) than those for the monoculture (Table 4; Figure 5 ).
For BGTHI, significant differences were observed (P<0.05) between the systems (Table 4) 
Intake
Nutritive value of Marandu grass samples was similar in both systems, except for DM content and for nitrogen fractions linked to the fibrous portion of the forage (Table 5) . Both DMI and OMI by sheep in the SPS system were higher (P<0.05) than those in the monoculture (Table 6 ). Free water intake was lower and intake of water in the feed was higher (P<0.05) in the SPS (Table 6 ) than in Mono. Total water intake was 10.2 % higher (P<0.05) in the Mono than in the SPS. 
www.tropicalgrasslands.info
Feeding behavior
Time periods spent grazing were longer (P<0.001) in the SPS than in Mono. On the other hand, animals spent more time walking (P<0.001), drinking (P=0.016) and resting (P=0.008) in Mono, than in SPS (Table 7) . Time spent ruminating and in other activities did not differ (P>0.05) between systems. 
Discussion
This study provides sound evidence that SPS provide advantages over a grass monoculture in this region in terms of pasture growth during dry periods and comfort of animals, resulting in improved feed intake and, probably, production. The study had some limitations, the main one being that we used animals as replicates inside single plots (i.e. areas). Ideally treatments should have been replicated in the experimental design with repetition over time. However, due to prohibitive costs, lack of funding, deficiency in labor and project size, the design of this experiment was not ideal. Nevertheless, inferences are valid and information provided met the objectives of this study.
Forage production
It was interesting that SPS produced 8% more forage grass during the year than the control despite the competition from trees and lower global radiation values. This advantage occurred during the transition periods and dry season (50% increase) with no difference during the wet season. In a tree-pasture system there is competition between the trees and the pasture for moisture and nutrients. In addition, shading can have negative impacts on DM production of pasture (Jackson and Ash 1998), which can be reflected in reduced animal production rates (Parsons et al. 1983 ). However, forage production is also dependent on other environmental parameters such as rainfall and temperature as well as soil moisture and soil fertility (Paciullo et al. 2011) , which may counteract the negative effects of shade on DM production. It would seem that pastures in the silvopastoral system received a benefit from shading during the drier part of the year, possibly because of retention of soil moisture under the trees or better availability of nutrients as a result of recycling by the trees or a combination of these factors. In SPS, only 68% of the total pasture production occurred during the rainy season (P1-P4), while the control produced 75% of its growth during this period.
Microclimatic variables
The daily average maximum temperature (MaxTemp) in Mono (33.5 °C) was outside the thermal comfort zone (TCZ) for adult sheep in the tropics, which should be between 20 and 28 °C (Baêta and Souza 1997), while MaxTemp in SPS, which was 5.5 °C lower than in the control, remained within the TCZ (Table 3) . Daily average minimum temperatures (MinTemp) remained within the TCZ for both systems. This suggests that sheep grazing on Marandu in monoculture would have suffered heat stress during the hottest hours of the day, as reported by Baumgard and Rhoads (2012) . Shading imposed by the tree component would have attenuated the incident radiation and reduced air temperature, reducing the severity of microclimatic stresses experienced in the straight grassland ecosystem. According to Sousa et al. (2010) , air dry bulb temperature (DBT) under the canopy of trees can be 2.3-9.5 °C lower than in grass monoculture, depending on time of day. On the other hand, RH values in SPS were always higher than those observed in monoculture and were above those reported by Sousa et al. (2010) . It is well documented that biotic components such as trees and canopy architecture affect relative humidity (Daly 1984; Qin et al. 2014) . However, despite these differences, the values for RH were within the range of thermal comfort for sheep according to LPHSI (1990) . High RH affects heat dissipation with long exposure and causes ethological changes in ruminants (Ungar 1996) . However, when analyzed separately it is not considered a suitable parameter for assessing thermal comfort in sheep (Baêta and Souza 1997) . Sheep can become acclimatized to high levels of humidity, which provides significant changes in thermal sensations, i.e. the perceptions of the physiological effects caused by temperature variations, making sheep suffer less from the effects of heat stress under these conditions (Andrade et al. 2007 ). Thus, higher humidity conditions in the SPS (Table 3 ) may have been offset by the adaptation of experimental animals.
According to LPHSI (1990) , THI values for sheep above 86 should produce severe heat stress; that is, in both systems evaluated, only at 07.00 h would the animals not have suffered from some effects of tropical heat. Neiva et al. (2004) , working in the northeast region of Brazil (05°43'02'' S, 38°32'35'' W), observed that, even under complete shading (stabled animals), the value of THI (81.1) was similar to that obtained at full sunshine (82.3) and thermal stress was observed in sheep under both sets of conditions. These values may be associated with tropical climatic conditions, which have no defined parameters, and therefore do not correlate with the parameters generated by the Livestock and Poultry Heat Stress Indices (LPHSI 1990) . These findings suggest that, while SPS evaluated in this study increased the comfort of sheep over the control treatment, it might still have failed to eliminate environmental heat stress in grazing sheep (average THI 89.7). BGTHI values (Table  3 ) evaluated in the SPS were always lower than those measured in monoculture and were always below the critical value (BGTHI = 78), above which heat www.tropicalgrasslands.info stress could cause various metabolic problems in cattle (Andrade et al. 2007 ). However, no critical value for sheep was found in the literature.
Intake
Differences in chemical composition, IVDMD and IVOMD of the forage grass in both systems (Table 5) were small and would not justify the superiority of 9.47% in DMI (g DM/kg 0.75 LW/d) and 9.43% in OMI (g OM/kg 0.75 LW/d) in the SPS relative to Mono (Table  6 ). Thus, the differences in intake probably occurred because of better microclimatic conditions in the SPS (Tables 3 and 4) , since the better thermal comfort provided lesser restriction on metabolic and dietary thermogenesis (Forbes 1995) . According to Baumer (1991) , animals protected from the heat increase DMI and produce more meat and milk. Minson (1990) (Table 6) . Samarakoon et al. (1990) evaluated the effect of growing 2 subtropical grasses, Stenotaphrum secundatum and Pennisetum clandestinum, under artificial shade (50%) on DMI by sheep and found that shading reduced DMI. This was probably due to increasing levels of ADF in shaded grass with resultant decline in IVDMD and not due to any physiological effect of shade on sheep. In our study, pasture from SPS contained higher levels of fiber than in the control, and lower digestibility, but differences were small.
Total water intake by sheep on the control treatment was 11% higher than on the silvopastoral system, reflecting the greater heat stress suffered by those sheep. According to Baumer (1991) , animals protected from the heat may reduce water intake by up to 20%. Interestingly, the higher moisture content in forage on SPS coupled with the higher feed intake on this treatment resulted in most of the water requirements of the shaded sheep being satisfied from the feed consumed (81%). This behavior is in accordance with the findings of Andrade et al. (2007) , who suggest that grazing sheep under environmental conditions within the thermal comfort zone obtain 75-85 % of their water needs from green forage. Not only was moisture requirement of sheep on the monoculture higher than in SPS but a greater percentage was derived from free water supplies. This is an obvious advantage for the silvopastoral system of having to provide less free water to stock.
Feeding behavior
The greater amount of time spent by animals in the monoculture in walking, drinking and resting is indicative of behaviors that seek to mitigate thermal stress, by maintaining thermal homeostasis and reducing metabolic stress (Ashutosh et al. 2002) . Forbes (1995) claims that sheep have the ethological habit of trading grazing time for walking in search of shade during the hottest hours of the day. However, this occurs not only for physiological reasons, such as heat stress, but also the ancestral instinct of protection and escape from predators (Ryder 1984) .
Conclusions
This study has shown the benefits of a silvopastoral system for sheep production through reduction in heat stress, resulting in higher feed intake. It appears that silvopastoral systems could be more productive than straight grass systems for mongrel hair sheep under these environmental conditions and the increases in growth rates etc. should be documented. However, the extent to which these results can be extrapolated to cattle needs to be verified before benefits for bovines can be claimed.
